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1. This case is being reopened inorder to apply art supplied by applicant's IDS of 
8/22/02. As applicant supplied the art after the final rejection, this action may be properly made 
final. 

2. As noted in the advisory action, the 1 12 objections to claims 29 and 30, were 
corrected. 

3. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art 
are such that the subject matter as a whole would have been obvious at the time the invention was made to 
a person having ordinary skill in the art to which said subject matter pertains. Patentability shall not be 
negatived by the manner in which the invention was made. 

4. Claims 3-4, 21 and 24-33 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Chang et al (5,043,299). 

Chang et al teach cleaning processes for semiconductor wafers, which may have 
materials such as Al, Al 2 0 3 , Si, Si0 2 , W, etc., on their surfaces, and subsequent deposition of 
tungsten on cleaned surfaces (abstract; figures; summary; col. 3, lines 13-26; col. 4, lines 45-53; 
Examples; and claims). Particularly, a cleaning gas such as NF 3l SF 6 , BCI 3 or H 2 may be mixed 
with a carrier gas, such as Ar or He, where the yolume ratios used include 1 :20 to 20:1 cleaning 
gas to carrier, hence may be predominately argon (col. 3, lines 13-35). Use of plasma with the 
cleaning gases followed by a flushing step with carrier gas or H 2 is disclosed (Fig. 1-2; col. 3, 
lines 36-54 and col. 4, lines 23-44). While Chang et al teach this process generally for 
treatment of masked semiconductor surfaces, and example 1 uses a silicon dioxide mask, 
hence has a patterned dielectric on the substrate surface, there is no explicit teaching of the 
claimed combination of plasmas, with a patterned dielectric. However, it would have been 
obvious to one of ordinary skill in the art, that as masks that are dielectric are taught, and that 
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the flushing step is taught both with and without plasma, that the option of using plasma with the 
flushing step when the mask is Si0 2 or dielectric material would have been expected or 
suggested from Chang et al's teachings, because masks are commonly made of dielectric 
material (as in the example) and the use of plasma for the flushing is taught to assist in 
removing remaining residues, so is thus taught to be advantageous. While the aspect ratios of 
the masks are not discussed, cleaning both mask surfaces, and exposed surfaces of the 
substrate is the subject of Chang et al teaching, and one of ordinary skill in the art would have 
expected them to be used on typical aspect ratios for semiconductor manufacture, including 
those as claimed. 

Chang et al does not explicitly teach the combination of H 2 + He in their flushing step 
which may be plasma, or in a subsequent H 2 cleaning step as in these claims 1 or 14, however 
He is taught as one of the carrier gases/non-oxidizing/inert gases that may be used, with H 2 
taught for a reducing or non-oxidizing gas for flushing or after preceding cleaning steps. 
Column 4, lines 10-15, suggest use of combinations of gases exemplified by "helium, argon... or 
hydrogen or mixtures of the same" for preventing contamination after cleaning in passageway 
70; and use of carrier or reducing (H 2 ) for flushing, hence it would have been obvious to one of 
ordinary skill in the art that a combination of He + H 2 would have been expected to be effectively 
employed after the flushing plasma, because each gas has been suggested separately 
therefore, and the gas use in the passageway is essentially a continuation of the flushing 
function employing like and claimed gases, so combinations suggested therefore would have 
been expected to have been equally effective in the flushing plasma option. Furthermore, as 
shown by Chang et al's claims 1 or 14 sequential plasma cleaning, a H 2 -plasma may be used 
second after an initial plasma cleaning, and accordingly to col. 3, lines 13-25, all the cleaning 
gases which includes H 2 may be diluted with carrier gas that may be He, so even while 
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hydrogen may be used without dilution, the teachings suggest that it may be diluted, or that for 
H 2) the gas ratios for carrier to H 2 are 0:20 to 20:1 by volume. Note that applicants' claim of 
about 5% H 2 and about 95% He (by atomic %) gives 95:5 or 19:1, hence is within the bounds 
suggested by Chang et al's teachings, considering that the gases approach ideal gases for 
comparison of volume with atomic present. 

It is further noted, that while applicants 1 claims as written, do not necessitate that the 
two plasma techniques be performed in any specific order, the use of "first" and "second" does 
imply that intent, but the label makes no actual requirement between these two steps in the 
claims (order of listing, does not necessitate any order of doing), therefore Chang et al's 
teaching of using the H 2 as a cleaning plasma, then performing a flushing plasma, where 
options of diluting the H 2 with He, and using Ar for flushing are chosen, would also read on the 
claims as presently written. For applicants claims read under this consideration, "the first 
plasma" may consist "essentially of Ar, because it is the flushing plasma. Therefore, so as long 
as the claims lack temporal requirements for the two plasmas, claim 3 is also read on by Chang 
et al. 

5. Claims 1, 3-4, 6, 8-14, and 17-33 are rejected under 35 U.S.C. 103(a) as being 

unpatentable over Yoo et al, in view of Zhao et al. 

After patterning a dielectric layer, Yoo et al teach two plasma etching steps (which can 
be considered to include cleaning), before metallizing, where a Ti/TiW (barrier) layer may be 
deposited before the AL First an Ar plasma etch (1 or 2 minutes) with exemplified RF powers of 
400W in a magnetic field of 50 Gauss, which smoothes sharp comers on the patterned dielectric 
layer. There may then follow a reactive ion etch of less than about 60 sec, where He plus a 
reactive gas , exemplified by CF 4 or CF 3 H, then removes material at the bottom of the contact 
openings. Also, while Yoo et al teach generating plasma with an electric field, and prolonging it 
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with a magnetic field (col. 4, lines 60-63), they have no explicit discussion of the apparatus 
structure that produces these effects, nor is the "Applied Materials P5000 etch back chamber" 
used therefore in the example (col. 5) further described. However, the teaching of using an 
electric field, and the lack of any discussion on electrodes, would suggest to one of ordinary skill 
that external electrodes, antenna or coils were used to create the electric field, i.e., to create the 
plasma. 

Yoo et at differs from the claims by not teaching H 2 as their active gas, and not giving all 
the parameters for their plasmas. While Yoo et al does not discuss aspect ratios per se, they 
do teach that the feature sizes etch in the integrated circuit structure are about 1pm or less 
(abstract) and teach various dielectric layer thickness from 1000 A to 10,000 A (col. 3, lines 63; 
col. 4, line 18), with the example making contact openings of 0.7 prn in dielectric layer of 7500 A 
+ 1000 A= 8500 A. thus effectively teaching aspect ratios as claimed due to these dimensions. 

Zhao et al teach an Ar plus H 2 plasma using ratios of H 2 to Ar flow rate that maybe 1 :20 
to 100:1 (col. 3, lines 23-39), RF powers of 20-400 W with 250 watts preferred for including the 
plasma (col. 3, lines 40-50) and D.C. bias on substrate (col. 3, lines 51-55+), that will clean, i.e. 
etch, the bottoms and side walls at the bottoms of high aspect ratio vias, hence it would have 
been obvious to one of ordinary skill in the art the H 2 was a reactive gas which is a reducing gas 
that could have been used equivalently in the process of Yoo et al, in their second plasma step, 
that uses He + reactive gas, because it was shown to produce like or equivalent effects in 
analogous situations and etching configurations (i.e. high aspect ratio plasma treatments). Note 
that Yoo et al's exemplary gases (CF 4 or CF 3 H) are electronegative or reducing, hence are 
being used in chemically analogous fashions, thus supporting the stated motivation. Power 
parameters of Zhao et al would have been expected to be applicable to the second plasma of 
Yoo for these alternative gases, and while D.C. bias is discussed in Zhao et al, the examiner 
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takes notice that D.C. and R.F. voltages of like absolute valves may generally be applied 
equivalents for acceleration of ions. Applicant have claimed the watts used to produce the 
bias, which is not directly comparable to the number of volts, however it is noted that for the first 
plasma of Yoo et al, Ar+ is desired to be used for sputtered etching, which is generally known to 
be most efficiently preformed using bias. While unlike Zhao et al, who combines the sputter 
etch and active etch, Yoo et al do the "soft" reactive etching second, where the reactive gas as 
discussed in both references will react with what is at the bottom of the via, and remove 
redeposited material on sidewalls (Zhao), hence as this is descriptive of an isotropic type 
process, no bias would have been desirable than in the first, Ar plasma, since it is desirable to 
etch in more directions than down. Overall power input would obviously need to be maintained 
inorder to maintain the plasma. 

6. Claims 6, 8-14, 17-20 and 22-23 are rejected under 35 U.S.C. 103(a) as being 

unpatentable over Chang et al (299) as applied to claims 1, 3-4, 21 and 24-33 above, and 
further in view of Subrahmanyan et al, and optionally Yoo et al. 

Chang et al differs from these claims by use of RF applied between an electrode 
(cathode) and grounded chamber walls, instead of use of RF applied to a coil, and parameters 
associated therewith. Also, no teaching of the option of first coating with a barrier layer is 
discussed. 

Subrahmanyan et al are teaching analogous processes with multiple plasma cleaning 
steps followed by deposition of barrier or liner layers on dielectric before metal deposition 
(abstract and page 7-1 1), where an inductively coupled plasma reactor (Fig. 2, pages 13-14), 
which uses a coil 125 shows equivalent production of cleaning plasmas that may employ inert 
gases with reactive gases and H 2 reducing gases, to like surfaces for equivalent cleaning 
effects. Therefore, it would have been obvious to one of ordinary skill in the art to employ 
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plasma reactors where the plasma is induced by electric fields from coils to effect the cleaning 
plasma, because they have been shown to create plasma that effectively treat surfaces and 
substrates such as treated by Chang et al (299), so that they would have been expected to be 
equivalently effective. Subrahmanyan et al further provides for alterative deposition of Ti or 
Ti/TiN or doped Si barrier layers as well as Al or Cu metals on the cleaned surfaces (page 4, 7 
and 11-12), such that it would have been obvious to apply such layers as they are consistent 
with Chang et al (299)'s product, and provide the advantage of the barrier layers 1 prevention of 
diffusion from the dielectric, etc. to the semiconductor device. Yoo et al discussed above, 
provides additional discussion related to both these topics that further shows the desirability 
and effectiveness of the use of induced plasma and barrier layers in like processes. 

7. Applicant's arguments filed August 2002 and discussed above have been fully 
considered but they are not persuasive. 

Applicant's arguments with respect to claims 1, 3-4, 6, 8-14 and 17-33 have been 
considered but are moot in view of the new ground(s) of rejection. 

8. THIS ACTION IS MADE FINAL Applicant is reminded of the extension of time 
policy as set forth in 37 CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within TWO 
MONTHS of the mailing date of this final action and the advisory action is not mailed until after 
the end of the THREE-MONTH shortened statutory period, then the shortened statutory period 
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37 
CFR 1.136(a) will be calculated from the mailing date of the advisory action. In no event, 
however, will the statutory period for reply expire later than SIX MONTHS from the mailing date 
of this final action. 
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9. Any inquiry concerning this communication from the examiner should be directed 

to M. L. Padgett whose telephone number is (703) 308-2336. The examiner can generally be 
reached on Monday-Friday from about 8 a.m. to 4:30 p.m.; fax #(703) 872-931 1 (after final) or 
305-6078 (unofficial). 



M.L. Padgett/dh 
November 27, 2002 



11/26/2002 



